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• ABSTRACT

We have studiedthe durationdistributionof222 Gamma Ray Burstsof the firstBATSE

catalog. We finda bimodalityin the distributionI which separatesGRBs intotwo classes:

shortevents(< 2 s)and longerones (> 2 s).Both setsare distributedisotropicallyand inho-

mogeneously in the sky. We findthat theirdurationsare anti-correlatedwith theirspectral

...... hardnessrati0s:sh0rtGRBs arepredominantly harderand longeronestend to be softer.Our" '

resultsprovidea firstGRB classificationscheme based on a combinationofthe GRB temporal

and spectralproperties.

I.INTRODUCTION

Gamma-Ray Burst (GRB) studiesoverthe last20 yearshave not succeededinrevealing

tell-talepropertiesthatwould helpidentifythe natureoftheiremissionsites.Moreover,there

existno concretecounterpartidentificationsin any otherwavelength withinthe well-defined

GRB errorboxes (Hurley1991 and referencestherein)thatwould pointtowards a known par-

ent populationforthe phenomenon. Recent results(Meegan etal. 1991)from the Burst and

TransientSource Experiment (BATSE) (Fishman et al.1989) on the Compton Gamma-Ray

Observatory (CGRO) have shown that the sky distributionof the GRB sourcesisisotropic,

but not homogeneous. Any attempt to identifyGRB subclassesbased on similaritiesintheir

spatial,spectralor morphologicalpropertieshas failedso far (Briggset al. 1993, Fishman

etal. 1993). We presenthere a study of one of the GRB globalproperties,namely their

durationdistribution,which has led to the confirmationoftheirdivisionintotwo subclasses.

This durationbimodalityislinkedforthe firsttime with a differentaveragespectralhardness

assodated with each class.

2. DURATION DISTRIBUTION

The distributionofGRB durationshas been studiedextensivelyin the past (Clineand

Desai 1974, Mazets et al. 1981, Norriset al. 1984, Klebesadel 1990, Hurley 1991). Most

studiesagree that thereis a hint of bimodality with the separationbeing in the 0.5 - 4 s

range.There are severalreasonswhy the previousdata setscould not establishthe bimodal

natureofthe distribution:lackofinstrumenttriggersensitivitytoshortevents,low temporal

resolution,difficultyof confirmationof a very shortevent as a burstin an oftennoisydata

set,etc. They have allled to biasesagainstdetectionof short events. The firstBATSE

catalog(Fishman et al. 1993) presentsa complete, confirmed set of 260 GRBs, detected

with unprecedentedsensitivityoverthe instrument'sfirstyearofoperation(April21, 1991 to ".

March 5,1992).

The criteriafordetermininga GRB durationhave (widely)variedoverthepast,without

an accepted consensusfora _durationalgorithm".We have introduced(Kouveliotouet al.

1993) an unbiasedand reproducibleway ofestimatingdurations.We defineT00 as the time

duringwhich the cumulativecountsincreasefrom 5% to 95_ above backsround,thusencom-

passing90% of the totalGRB counts.Ts0 isdefinedsimilarlyto include50% ofthe counts.
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The times thus defined are an intensity independent measure of duration, unlike previous

definitions. In most _ the data available afforded very accurate measurements for both

times. This procedure failed whenever there existed data gaps during a burst readout. Thus,
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Figure 1. a) Distribution of Too for the 222 GRBs of the first BATSE catalog, b)

Distribution of Ts0 for the same GRB set. Solid lines are the histograms of the raw data;

dotted lines are the error-convolved histograms as explained in the text.

The solid line in Figure la shows the uncorrected distribution of the 222 values for

Too. To account for the time errors 6Too in each histogram bin, we have assumed that each

Too is represented by a Gaussian of standard deviation given by _T_o. Each error-convolved

histogram bin is then derived by adding the overlapping areas of all Ganssians that fan within
its boundaries. The convolved distribution is plotted with a dotted line on Figure la: we

notice that the inclusion of the errors has expanded the short duration range (where the

uncertainties are larger), but has not affected the longer duration bursts.

Both distributions of Figure 1 show a dip around 2 seconds. The dip is not an instru-

mental artifact: BATSE's trigger sensitivity is maximum near 1 s, which is its longest trigger

timescale. Although it is difficult to quantitatively assess the statistical _dgniticance of the

dip, we estimate that convex, unimodal distributions are rejected at the 2-3 _ level. We have

fit a quadratic function between the two peaks in the histogram and determined its minimum

to be at Too = 1.2 s + 0.4 s, which rounded off to the next integer bin edge, is 2.0 s. This

effectively divides the 222 GRBS into two subsets: one containing 58 short events (T_0 < 2.0

seconds) with a logarithmic mean Too of 0.33 s 4- 0.21 s and a second of 164 longer GRB8

with a mean of 26.2 s 4- 1.7 s.

The fraction of short events in the data bases derived with various experiments does not

seem to vary significantly: SIGNE (on Venera 11-12) reports 25% (Diyachkov et al. 1980),

the International Sun Earth Explorer-3 (ISEE-3) shows 29% (Norris et al. 1984), albeit with

a limited sample, the Phebus instrument on Granat has 27% (Dezalay et al. 1991), and for
BATSE the same fraction amounts to 26% of the first catalog data. The KONUS experiments

on Venera 11/12 and 13/14, however, show significantly smaller percentages, 7% and 16%,

respectively. One explanation of this discrepancy could be the detection threshold for the

KONUS experiments, which increased with decreasing GlIB duration (Mazets et al. 1981).

Comparison of the duration distributions obtained by previous observers (see Hurley

1991) with the Too distribution shows that the BATSE data have a factor of 2 higher average
durations. The arithmetic mean of the Too values is 37.6 s 4- 2.7 s vs the mean of 18.3 s for 616

GRBs compiled by Hurley (1991). One possible explanation of this shift in mean duration

could be a systematic effect of instrumental sensitivity. BATSE, with its unprecedented



• Bensitivity,would see what previous experiments would have called an average GRB for a

much longer time. If that is indeed the case, raising the instrument sensitivity would bring ,

• the average duration to a lower value. The T6o distribution for the same 222 GRBs (Figure

----_-'--"_-'-"-t-o-KONUS'andhzlfof_hat-fvzBATSEJs T_0_. "Hencewhat we see is-aconvincing_ect-of ....................

• " "dilfematdetection.thresholdson the GRB durations,which strengthensthe cue of using a ....

..... idngleexperiment to derivestatisticson GRB durationdistributions.We alsonoticethatthe

" " " 'd_-_ti6"nbimodalityisnot as significantin the Ts0 distrlbUtion';thisagain isconsistentwith".

a "tip of the iceberg" effect. We have searched for clusterings in the burst arrival times for
-_-"_'_'_'_ ""__1ofig'_vc_.'"_STh _fatnples'_re'e_tlrdy_cdn'sJ_entwltliToJN_o_ "dlstrib_ti65_."T_"''_".............

arrivalratesare 0.2 and 0.8per day forthe shortand long GRBs, reap.

.-.........,-_....-....."ftr'_e'Ibllowingwewi_tt'vn_der_hes_,rofthe_SslxvrtGRBs with T_0< _ as a-different"-"........-" "'

classand study theirglobalproperties.

3. SPATIAL DISTRIBUTIONS: Isotropyand Homogeneity tests

Figure2 shows the sky distributionof the shortevents;Mthough the sample islimited

we can stillsee that theirdistributionisisotropic.The valuesof theirvariousdipoleand

quadrupole statisticsdifl_erinmost casesby about Istandard deviationor lessfrom the values

expected for isotropy(Kouveliotouet ai.1993). We have alsoexamined the distributionof

the angular separations of GRB pairs and found no evidence for clustering.
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Figure 2. The sky map distribution of the 58 short (< 2 s ) GRBs

Similarly, the statistics of the longer events are consistent with an isotropic distribution

as expected from the overall isotropy of the 260 GRBs from the first BATSE cstMog (F_hman

et _. 1993).
Whenever we have data gaps during a burst accumulation we do not compute the

V/V,_= for the event, ms is explained in Fishman et al (1993). We have both Tm and V/VIne=
values on the 64 msec trigger timescale for 48 short events and 100 long ones. The (V/Vm_)

values are 0.302 -l- 0.038 and 0.367 + 0.030, resp. There is no significant difference between

the two means: they are consistent with each other and both are inconsistent with homogene-

ity. The same trend is evident from Figure 3, which shows the log N-log P diagram for the

short (58) and long (164) GRB sets, together with a homogeneous disctribution (dashed line).

We conclude that both sets are isotropic and inhomogeneous, in agreement with the overall

BATSE GRB results.
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Figure 3. Log N - log P distributions for the long (upper curve) and for the short

(lower curve) GRBs. The d_hed llne indicates a homogeneous distribution. The peaks are

integrated with 64 ms over 50 - 300 keV. The shaded regions represent the range of earth

scattering corrections.

4. HARDNESS RATIOS vs Too

We have integrated the counts above background during Too for the 222 GItBs in four

discriminator channels with energy ranges of 25 - 50, 50 - 100, 100 - 300 and > 300 keV.

We define as HR32 the ratio of total counts in the 100 - 300 keV and 50 - 100 keV energy

range. Figure 4 (right pannel) shows the scatter plot of the hardness r&tios HR3_ vs Too. The

Spearman Rank-Order correlation coe_cient (Press et a]. 1993) between HRs_ and Too is

-0.375: the probability of a fluctuation causing a chance correlation at this. level is _ 10-s.
The de_ sity distributions of the hardness ratios are shown as two histograms m the left pannel

of Fig _. Short events are predominantly harder, while longer events are predominantly softer,

as expected from the high correlation between hardness ratios and durations. The same trend

is seen with the HR_/_I distrit,':tion.
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Figure 4. Left: Hardness ratio ldstogra_ns for events with Too > 2 s (solid line) and < 2

s (dotted line). Kight : Hardness ratios HR32 vs Too scatter plot. The dashed lines on both



o . ..

• plots correspond to the mean hardness ratio of the two duration classes•

' : Thev_lues for the mean of the HR32 c_culated separatelyfor tl_etwo G classes ' '

'previously identified are 1.49:1:0.08 and 0.87:1:0•03 for <2 and > 2 s, respeCtively. The values

_" "_"_'_'_dr" _ "$_i_i_v_rS _ cl_fftr1_*_gh_"_"_e _(@ f4_"t_leI._._'_:_Ri_d i'_t_ _ag'/tlso'"'_'_ .......*"

• been seenm the Phebus data I_)ezalayet M.-1991)¢_I_t between higherenergy ranges(0.3-7

.........."_'-"MtcV_tb*I00-_J00"keV).DezMay _t-_.,ho_vet_ w_r_'_(It_ble'_o_et_t _ duration_ftmod_'ly...._'........._'-"

....... " An their _mall sample of 66 GR_. We believe..tiutt our dat_ r,onflrm these _rlier resttlts _nd ....... • .......

_ .... " I)rov_de the first evidence of the continuity of the hardness-duration correlation over the whole

5. DISCUSSION

correlation of GRBs. Previous studies have reported evidence for either the former (Cline and

Des_i 1974,M_ets etal.1981,Klebesadel1990,Norriset al.1984,Hurley 1991)orthe latter

(Dezalay et al. 1991). Our study shows thatthe two classesseparatedby duration are also

assosiatedwith significantlydifferentaveragehardness ratio_.We findthatthe shortevents

have the same peak intensityrange ms the longerones;thismakes the totalamount ofenergy

releasedby the two typessignificantlydifferent.Both short_nd long GRBs have isotropicbut

inhomogeneous spatialdistributions.All evidencesuggeststhat both GRB subsetsoriginate

from the same typeofobjects•Differentgeometriesoftheiremissionsites(with respectto the

observer)may be responsibleforthe spectrala_ndtemporal di_erencesbetween the classes.
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